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(57) [Abstract] 

[Objective] The production method of the metal powder is 
offered with the inexpensive cost with the spray pyrolysis 
method . 

[Constitution] The atornization doing the solution which 
includes the metal salt above the 1 kind , itmakes the droplet , 
dries the droplet and forms the precursor , this precursor 
ishigher in addition when the oxide is formed, it is higher at the 
same time from the melting point of the metal heats than the 
decomposition temperature of the said metal salt , than the 
decomposition temperature of the oxide B with the low 
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[Claim(0] 

[Gaiml] The atomi2ation doing the solution which includes 
the metal salt above the I kind , itdesignates that it heats with 
the low temperature as feature from the melting point ofthe 
metal where it makes the droplet , the said droplet it is higher 
than the decomposition temperature of the said metal salt , in 
addition when the oxide is formed, is higherthan the 
decomposition temperature ofthe said oxide , at the same time 
forms the said metal salt , the spray pyrolysis production method 
ofthe metal powder . 

[Claim 2] The atomization doing the solution which includes 
the metal salt ofthe 2 kinds or more whichforms the alloy 
with the metal it makes the droplet , the said droplet is higherin 
addition when the oxide is formed, it is higher at the same time 
itdesignates man the decomposition temperature ofthe said 
metal salt , than the decomposition temperature of the said 
oxide , that it heats with the low temperature as feature from the 
melting point ofthe said alloy , the spray pyrolysis production 
method ofthe metal powder. 

[Claim 3] The atomization doing the solution which includes 
the metal salt above the 1 kind inthe droplet to do, In order to 
form the precursor ofthe spherical shape from the said droplet, 
it designatesthat it heats with the low temperature as feature 
from the melting point of the metal where it heats, the said 
precursor it is higher than the decomposition temperature ofthe 
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said metal salt , inaddition when the oxide is formed, is higher 
than the decomposition temperature of the said oxide , at the 
same time forms the said metal salt , the spray pyrolysis 
production method of the metal powder . 

[Cairn 4] The atomization doing the solution which includes 
the metal salt of the 2 kinds or more whichforms the alloy 
with the metal in the droplet to do, In order to form the 
precursor of the spherical shape from the said droplet , it heats, 
the said precursor is higher in addition when the oxide is formed, 
it is higher atthe same time it designates than the decomposition 
temperature of the said metal salt , than the decomposition 
temperature of the said oxide , that it heats with the low 
temperature as feature from the melting point of the said alloy, 
the spray pyrolysis production method of the metal powder . 

[Claim 5] The metal powder , in the Claim 1 to 4 which has the 
shape of the spherical shape the the spray pyrolysis production 
method of the metal powder which is stated. 

[Gaim 6] The atomization doing the solution which includes 
the metal salt above the 1 kind inthe droplet to do, said 
droplet than decomposition temperature of said metal salt high, 
In addition when the oxide is formed, in order to heat with the 
low temperature , it possesses with the first heating region which 
forms the precursor of the spherical shape fromthe droplet 
and the second heating region which the said precursor the 
thermal decomposition is done from the melting point of the 
metal which is higher than the decomposition temperature of 
the said oxide , at thesame time forms the said metal salt , the 
spray pyrolyzed metal powder production equipment . 

[Claim 7] The atomization doing the solution which includes 
the metal salt of the 2 kinds or more whichforms the alloy 
with the metal in the droplet to do, The said droplet it is higher 
than the decomposition temperature of the said metal salt , in 
addition whenthe oxide is formed, it is higher than the 
decomposition temperature of the said oxide , at thesame time in 
order to heat with the low temperature , it possesses with the 
first heating region which forms the precursor of the spherical 
shape fromthe droplet and the second heating region whichthe 
said precursor the thermal decomposition is done from the 
melting point of the said alloy , the spray pyrolyzed metal 
powder production equipment . 

[Description of the Invention] 

[0001] 

[Field of Industrial Application] This invention , the production 
method of the metal powder , regards the production method of 
the useful metal powder in the one for especially laminated 
condenser inner electrode . 

[0002] 

[Prior Art] The trend to miniaturization of the electronic pan 
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advances, the MLCC (Multi Layered Ceramic Capacitor ) which 
is a tip pan progress of the miruaturization and high capacity 
conversion is more and more required. The miruaturization of 
the MLCC and most the effective means of high capacity 
conversion makingthe inside electrode and the dielectric layer 
thin, are to measure the multilayering . As for the MLCC 
becomes from the organic binder of the dielectric powder and 
the poly vinyl butyral etc which are represented with the barium 
titanate (BaTiOj ) etc the dielectric greensheet which, Pd, Ag, 
While printing the paste which includes the metal powder of the 
Pd-Ag and theNi etc, drying, in order for the inside electrode to 
be piled up alternately, the lamination doing, after the 
thermobonding , cutting oil, the binder removal doing, inorder 
the sintering to do the inside electrode and the dielectric the 
baking it is donewith the temperature of the about 1300 °C 
extent , forms the outside electrode of the silver (Ag) etc 
nextand is produced. The aforementioned way the paste which 
includes the metal powder designatesthe cellulosic resin and the 
acrylic resin as the main component , uses the trimethyl benzene 
as the solvent , includes the organic binder component of the 
terpineol , etc the kneading does with the three-roll mill andis 
produced by mixing disperses. 

[0003] The characteristic like the below is required to the 
metal powder which is used forthis kind of paste . 

(1) The dispersibility is high, is not a agglutination property , the 
particle diameter of the metal powder istheO.l micron to 1 
micron extent , the coarse particle does not have to exist. 

This, the inside electrode layer because usually it is a 1-2 micron , 
when there is a particle above the 1 micron , the electrode layer 
to become the nonuniform , it becomes the continuity defect ,the 
inside electrode layer of the top and bottom the dielectric sheet 
the penetration to do with the lamination step , because the 
insulating poor is caused 

(2) The surface being smooth, it must be a spherical shape . 

This condition is necessary in order to make the density of the 
inside electrode printed film high. When there is a undulation in 
the surface, the filling behavior of the metal powder of the 
printed film becomes bad. Because of this, contraction at the 
time of the sintering becomes large,the stress between the 
dielectric layer and the electrode layer occurs, the delaxnination 
phenomena which iscaDed the delamination is easy to happen. 

(3) The crystalliniry must be high. 

When the crystalliniry is low, because the activity is high, 
because the metal powder the oxidation is done easily with the 
binder removal step , pulls up die expansion , the sintering rate is 
quick, it causes sudden contraction, the delamination phenomenon 
becomes the derrickup easy. 

[0004] The method which produces the metal powder like above 
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as the production method of the metal powder which brings the 
characteristic , with the spray pyrolysis method is disclosed in 
the Japan Examined Patent Publication Sho 63*3152 2 disclosure . 
Here, as shown in the Drawing 2 , the spray pyrolysis equipment , 
has the ultrasonic atomiser 10 and the heated region pipe 20and 
the heater 30 and the cyclone 40, the carrier gas inlet pipe 15 is 
connected by the ultrasonic atomizer 10, the carrier gas exhaust 
pipe 45 is connected to the cyclone 40. In the this said 
equipment , the atomization doing the solution which includes 
the metal salt abovethe 1 kind , heating with the temperature 
where it makes the liquid drop , the liquid drop is higher than the 
decomposition temperature of the said metal salt , at the same 
time is higher thanthe melting point of the metal , the 
decomposition it does the said metal salt . 

[0005] But, there is a problem like the below regarding (his 
method . Because the namely, heating temperature it is necessary 
to make higher than the melting point of the metal , the quite 
equipment cost , the production cost becomes rugh. When the 
for example Pd powder and the Ni powder are synthesized, when 
it heats to the temperature which is higher than the melting 
point , the equipment which withstandsheating the 1550 °C or 
higher becomes necessary. When we assume, that the spray 
pyrolysis is done in the electricity tubular furnace , as for the 
heat emitter not be able to use any inexpensive things of the SiC 
or the like , the other costly heat emitter mustbe used. In 
addition either the oven core tube not can be adapted with any 
mutiite or the like inexpensive things,the zirconia tube and the 
high purity alumina tube etc must be used. In addition in order to 
make the high temperature , also the amount of electric power 
becomes large. Lowering the heating temperature from this kind 
of reason, the method which satisfiesthe above-mentioned 
characteristic was demanded. 

[0006] 

[Problems to be Solved by the Invention] As for this invention it 
is something which can be done in order to sotvethe above- 
mentioned problem it is something which offers the production 
method ofthe metal powder with the spray pyrolysis method 
with the inexpensive cost . 

[0007] 

[Means to Solve the Problems] From the melting point ofthe 
metal where with this invention , the atomization doing the 
solution which includes the metal salt above the 1 kind , it 
makes the droplet B itforms the precursor of the spherical shape 
from the said droplet with heating, the said precursor ishigher 
than the decomposition temperature of the said metal salt , at 
the same time forms the said metal salt it heats with the low 
temperature . In addition, with another embodiment of this 
invention , the atomization doing the solution which includes 
the metal salt ofthe 2 kinds or more which forms the alloy 
withthe metal it makes the droplet , it forms the precursor of 
the spherical shape from the said droplet with heating, than the 
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decomposition temperature of the said metal salt , with the low 
temperature the said precursor is higher at the same time from 
the melting point of the said alloy heats. Furthermore, as for 
the spray pyrolyzed metal powder production equipment due to 
this invention , the heater which doesabove-mentioned heating, 
has with the first heating region which forms the precursor 
ofthe spherical shape from the aforementioned droplet and the 
second heating region which the said precursor the thermal 
decomposition is done. 

[0008] 

[Work or Operations ofthe Invention] In the spray pyrolyzed 
metal powder production of this invention , the first heating 
region ofthe 2 heating region which becomes the basic unit the 
temperature setting is done in the range of the 100 to 600 °C 
by the metal salt .without destroying the shape, designates the 
liquid drop ofthe spherical shape as the solute ofthe spherical 
shape. The solute of this spherical shape is named the 
precursor of the spherical shape . In addition, the second 
heating region the thermal decomposition doing the solute 
namely the precursor ofthe spherical shape which is formed 
with the first heating region makes the metal powder ofthe 
spherical shape . As for the first heating region and the second 
heating region , it is desirable to make the integrated structure 
withthe for example rubular furnace , but it is good even with the 
separate body structure . If it is something which the metal 
powder due to the thermal decomposition as the metal salt 
forms, it is good being whatever metal salt . If it is a for example 
unit , the nitrate of the Pt, the Pd, the Ag. theAu, the Ni, the Cu, 
the W, the Al and the Mo etc,you can list the sulfate , the 
chloride, the carbonate and the metal alcohol etc. Concerning 
the single metal , it is good mixing the salt ofthe multiple 
whichdiflers. In addition when the alloy powder is made, it is 
possible to use the metal salt ofthe 2 kinds or more . 

[0009] These metal salt are melted in the water, the alcohol and 
the acetone or the like next. In this case, if it becomes the 
solution , it is a usable any solvent . It designates these metal 
salt solution , as the droplet withthe atomizer, lnthiscase.it 
can use the 2 fluid nozzle and the ultrasonic atomizer or the like 
as the atomizer . With this invention , as for the droplet which 
the atomizaiion is done, it ishieher than the decomposition 
temperature ofthe metal salt , it designates that it heats withthe 
low temperature as feature from the melting point ofthe metal 
According to the Japan Examined Patent Publication Sho 63- 
3 152 2 disclosure , when it is a low temperature from the 
melting point ofthe metal , the spherical shape powder is not 
possible, unless only those where also the density is low it is 
possible, there is statement. But, like this invention , if the 
temperature domain ofthe 2 or more is formed in the heating 
region in the for example tubular furnace and the suitable 
temperature setting is done, it can form the powder where the 
density is high with the spherical shape . With namely, first 
heating region , , The atomization does not destroy the shape of 
the droplet ofthe metal salt solution whichis done, with the 
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kind or condition which* First doing the drying , the precursor , 
The mixed powder of the spherical shape of the mixed powder , 
or the metal , the metal salt and the metal oxide of the 
spherical shape of the mixed powder > or the metal and the 
metal oxide of the spherical shape of the mixed powder , or the 
metal and the metal salt of the spherical shape of the metal 
oxide of the namely, spherical shape , or the metal salt powder , 
or the metal salt and the metal oxide of the spherical shape is 
formed. 

[0010] As for the temperature setting of the first heating region , 
when the for example metal salt is the Yc ( aqueous ammonia of 
Pd (NH3) 4CI2 ), the450 to 550 °C is desirable, when the metal 
salt is the palladium nitrate (Pd (NO*) 2), the 100 to 300 °C 
isdesirable. Next, continuously from the metal salt from above, 
or the metal oxide the thermal decomposition temperature to 
the metal with the decomposition temperature or higher of the 
metal , at the same time in the melting point or lower of the 
metal passing these precursor , in the second heating region 
which the temperature setting is done, by the fact that the 
thermal decomposition it does, you obtain the droplet ofthe 
initial stage and the spherical shape metal powder of the 
analogous form . 

[001 1] The aforementioned precursor , the following way is 
thought that it isformed. When the droplet enters into the first 
heating region , the solvent part in the raw material solution 
namelythe droplet doing, the evaporation concentration of the 
solute happens. In this process , the solvent of the surface 
vicinity ofthe droplet following this withthe time which the 
evaporation is done, the solvent ofthe inside doing the 
diffusion , there is a time which the evaporation is done from 
the surface. With movement of the solvent to the surface 
vicinity it moves also the solid particle of the microscopic solute 
which is formed with the localized supersaturated domain in the 
droplet to the surface in the initial stage . In addition, because 
the droplet has done in the hot air the rotation , it iseasy to 
form the surface layer . The solvent of this surface layer 
finishes doing the evaporation , or when the evaporation 
decreases, because the surface solid layer is formed with the 
formation ofthe supersaturated domain ofthe surface and the 
movement to the surface of the solid particle , alreadyit becomes 
difficult to move to the inside . The evaporation of the solvent 
decreases when, or when the evaporation ends, alsothe droplet 
shrinkage to become small, because the latent heat of 
evaporation decreases, the temperature ofthe droplet rises. 
This time, the evaporation rate ofthe inside solvent , passing 
through the surface solid layer t when it's larger than the rate 
which is discharged to the outside , the pressure ofthe inside 
becomes high, tearing the part where the surface solid layer is 
weatche vapor escapes, becomes the particle ofthe hollow 
which had the big pore . In addition, when the gas ofthe large 
amount occurs at the time of the thermal decomposition ofthe 
solid which the precipitation is done, when it breaks finely 
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withthe gas pressure , it is. Therefore, in order to make the dense 
powder with the spherical shape , the solvent it isnecessary with 
the possible limit low temperature the evaporation to do slow. 

[0012] The solvent as for the particle which consists of the 
solute which the evaporation is done, when furthermore it moves 
to the second heating region , the solute the thermal 
decomposition the derrick up, from becomes the stable metal 
oxide or the metal . This time, when the gas of the large 
amount occurs, there are times whenthe particle breaks with the 
decomposition gas . Regarding this invention , timely to select 
the decomposition behavior of the metal salt , byconsidering the 
oxidative and the reduenvity etc of the metal it is possiblethe 
atmosphere when healing. The finally the grain size of the 
metal powder of the spherical shape which is obtained the 
control is possible easily the kinds of the metal salt 
concentration and the solvent , bytimely selecting the condition 
of the atomization method , the atorruzation rate and the 
heating temperature etc. 

[0013] 

[Working Example^)] Concerning the spray pyTolysis production 
equipment and the method of the metal powder of this 
invention youexplain on the basis of the drawing . The Drawing 
1 shows the one example of the spray pyrolyzed metal powder 
production equipment of the metal salt solution . The this said 
spray pyrolyzed metal powder production equipment , has the 
ultrasonic atomizer 10, the heated region pipe 20, and the 
cyclone 40, in the periphery ofthe heated region pipe 20, the 
first heater ( region ) 25 and the second heater ( region ) 30 are 
arranged. The first heating region 25 and the second heating 
region are formed with the tubular furnace as the thermal 
decomposition equipment of theone body. Because of this, the 
means where the not shown , the shielding does the mutual 
thermal effect , to between the first heating region 25 and the 
second heating region 30 is provided. Furthermore, the carrier gas 
inlet pipe 15 connects to the ultrasonic atomizer 10, the carrier 
gas discharge pipe 45 is connected to the cyclone 40. The metal 
salt solution is sent by the ultrasonic atomizer 10 from the inlet 
pipe 15 from the solution tank , alter droplet converting, with 
the stream is sent to the first heating region . The first heating 
region with the second heating region is formed with the 
ceramic make tubular furnace . The first heating region , while 
maintaining the droplet at the spherical shape , dries the solvent , 
is set by the temperature which forms the metal salt powder or 
the metal oxide powder ofthe spherical shape ,and the second 
heating region is formed, in order the metal salt powder or the 
metal oxide powder of these spherical shape in the spherical 
shape metal powder to be set to the temperature which the 
decomposition is done. Be able to set unrestrictedly with the 
temperature adjuster , to set to the kind of temperature which 
does not destroy the spherical shape of the droplet it is possible 
therespective temperature region . It collects the spherical shape 
powder which with the stream comes out of the outlet ofthe 
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second heating region with the cyclone 40. 
[0014] (Working Example 1) 

(Production method ] The palladium salt solution which melts 
the palladium nitrate 0.5 mole in the water of the 0.5 liter was 
drawnup. Next, it atomized this solution malting use of the 
ultrasonic atomizer , it passed in the thermal decomposition 
equipment which is stated in the Drawing 1 the droplet which is 
formed, with the nitrogen gas stream , obtained the powder . The 
heating temperature with the first heating region is the 1090 
°C with the 300 °C and the second heating region . 

(Evaluation method ] You observed the powder form and the 
grain size with the SEM. In addition the characterization of the 
powder used the powder X-ray diffraction equipment . 

[Result ] According to the SEM it was a powder of the spherical 
shape where the surface ofthe average particle diameter 0.9 
micron is superior in the smooth dispersibiliry . In addition 
according to the X-ray diffraction , as for this powder consisting 
oniythe Pd was ascertained. 

[0015] (Working Example 2)* The palladium - silver salt solution 
which melts the palladium nitrate 0.35 mole and the silver nitrate 
0. 15 mole in the water of the0.5 liter was produced. The 
method of the below and the Working Example 1 with the 
same method , the powder wasproduced completely. According 
to the SEM observation , it was a powder where the surface of 
the average particle diameter 1 micron issupehor in the 
dispersibiliry of the smooth spherical shape , in addition 
according to the X-ray diffraction , as for this powder the Pd/Ag 
ratio being the alloy powder of the 70730 wasascertained. 

[0016] (Working Example 3) Making use of the Pd (NHj) 4Cb 
aqueous ammonia (NHs 3.6 mol/1 ) of the 1.3 mol/1 , diluting this 
solution with the pure water , the Pd concentration adjusted the 
solution of the 0.94 mol/1 . As for the temperature setting of 
the thermal decomposition equipment other than with the first 
heating region making thelOOO °C with the 525 °C and the 
second heating region , the powder was produced with the 
Working Example 1 and the same method . According to the 
SEM the surface of the average particle diameter 1 micron was 
the powder of the smooth squared sphere . In addition according 
to the x-ray diffraction as for this powder consisting oniythe Pd 
was ascertained. 
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[001 7] (Working Example 4) Other than designating the heating 
temperature in the first heating region as the 250 °C , the 
result which is similar to the result and the Working Example 1 
which are executed in thesame way as the Working Example 1 was 
obtained. 

[00 IS] (Comparative Example 1) The palladium salt solution 
which melts the palladium nitrate 0.5 mole in the water of the 0 5 
liter was drawnup. Next, it atomized, passing in the thermal 
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decomposition equipment which is stated in the Drawing 2 the 
droplet which is formed, with the nitrogen gas stream , it 
obtained this solution making use of the ultrasonic atomizer , the 
powder . As for this equipment , other than only the one having 
the heating region , it issquai to the equipment of the Working 
Example 1. Furthermore, the temperature setting made the 1090 
°C. According to the SEM observation , the powder which is 
obtained is the spherical shape powder ofthe average panicle 
diameter 0.7 micron , but the coarse, large above the 1 micron , 
the multiple hollow body particle and the surface hadexisted 
together the unevenness the microscopic rectangular parade . 
Because of this the particle size distribution spreads, it was a 
powder where the dispersibility isinferior. This, because the 
heating region is only a one , in the form of the droplet ofthe 
spherical shape , is thought as the for the sake of the thermal 
decomposition was not done. 

(0019] (Comparative Example 2) The temperature setting ofthe 
thermal decomposition equipment with the first heating region 
the 800 °C other than setting, with the Working Example I and 
the same method , the powder was synthesized with the 250 °C 
and the second heating region . The powder which is obtained 
was the spherical shape powder which is superior in the 
dispersibility where the surface is smooth. But according to the 
X-ray diffraction , as for this powder being a PdO wasascertained. 
This reason the temperature ofthe second heating region was 
under the decomposition temperature ofthe oxide. 

[0020) 

[Effects of the Invention] Because this invention is formed like 
above, the metal powder of the spherical shape whichis superior 
in the dispersibility can be produced even with the melting point 
or lower ofthe metal. Because of this, it becomes the producible 
with the low cost , it is a optimum asthe metal powder 
production method of the MLCC inside electrode . 
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< filing amendment > 

[Submission Date] April 4 of Heisei 7 day 

[Amendment 2] 

(Section of Amendment] Bill 

[Amendment Item] Brief explanation of drawings 

[Amendment Method] Addition 

[Content of Amendment] 

[Brief Explanation of the Drawings)] 

[Figure 1] It is a conceptual explanatory diagram which shows the 
one Working Example of the spray pyroly zed metal powder 
production equipment due to this invention. 

[Figure 2] It is a conceptual explanatory diagram which shows the 
conventional spray pyrolysis equipment . 
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(Explanation of Reference Signs in Drawings] 

10 ultrasonic atomizer 

1 5 inlet pipe 

20 heated region pipe 

25 first heating region 

30 second heating region 

40 cyclone 

45 carrier gas exhaust pipe 
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